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Abstract 
Human activities and natural disturbances often result in significant shifts in both trophic and energy pathways, which 
then translate into changes in the benthic food web structure. Unfortunately, little is known about the trophic levels 
and energy pathways within the benthic food web. In order to describe the benthic food web, the objective of this 
study was to find a better method to research the benthic food web of Baiyangdian Lake. So we reviewed the array of 
usages and advances in research methods within the context of aquatic food webs. We summarized the methods of 
gut content, stable isotope, fatty acid and compound specific isotope analysis techniques, since these analysis 
methods have been widely used in the research of the trophic dynamics in aquatic food webs, although each of these 
analysis methods have limitations. Therefore, a two-dimensional approach, for example combining stable isotope and 
fatty acids analysis, was the most useful tool to distinguish the energy pathways and materials transfer in food web. 
We then collected information about the aquatic organisms in Baiyangdian Lake according to different functional 
groups to establish a qualitative food web model of the whole lake. From this model we demonstrated the importance 
of the benthic food web. In the future, we want to expand these two/multi-dimensional approaches to describe the 
trophic levels and energy pathways within the benthic organism community in Baiyangdian.  
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1. Introduction  
Global climate change itself is a complex amalgam of stressors that include rising temperatures, 
altered atmospheric and hydrological conditions, and species invasions [1]. Last century, mean global 
temperatures have increased by 0.3-0.6℃ [1, 2], while within this century, mean global temperatures are 
predicted to rise by 2.8℃ [2]. In contrast, the unprecedented changes in the climate system predicted for 
the coming century will have far reaching impacts on freshwater ecosystems on a global scope [3]. Lake 
ecosystems are particularly vulnerable to global climate change and its associated stressors because they 
are relatively isolated and fragmented ecosystems, and are already excessively exploited for the goods 
and services they provide [4]. In addition, with the increasing of populations and human activities, the 
anthropogenic nutrient input will also be increased. The consequences of this nutrient enrichment are very 
serious, and can include eutrophication, species extinction, water quality degradation, toxic algal blooms, 
and altered C-cycling [4] or N-cycling.  
Lake ecosystems are frequently affected simultaneously by several stressors that can not be 
simulated in the laboratory or by in situ-controlled experiments [5], and it is still unclear how the impacts 
of several stressors will be manifested across different levels of biological organization. However, food 
webs provide a useful bridge between individuals and the ecosystems within which they operate [4]. Food 
webs are represented as the biotic factors of energy and material flows through ecosystems [6, 7]. The 
lake ecosystem is includes both a pelagic food web and benthic food web. In recent decades, lacustrine 
scholars have more thoroughly described pelagic food webs, but as a result have neglected the importance 
of benthic food webs [8]. A recent study showed that benthic food webs play an important role in material 
circulation and energy flow of lake ecosystems [9]. Therefore, in order to better understand the functions 
within lake ecosystems, it is necessary to study the benthic food web. 
Traditional analysis methods of food webs include gut content analysis, stable isotope analysis [10], 
biomarker compound analysis (e.g. fatty acids) [11], compound specific isotope analysis [12], and model 
analysis [13, 14]. Although these analysis methods have been widely used in the research of the trophic 
dynamics in aquatic food webs, all of these methods have limitations. One valid supplement is the two-
dimensional approach, such as using stable isotope and fatty acids analysis, which is likely to be the most 
useful tool to distinguish the energy and material transfer in the food web structure [15-19], but these 
have mostly been used in oceanic ecosystems. 
In this paper, our aim was to summarize the gut content analysis [20-23], stable isotope [24, 25], 
fatty acids [26, 27], compound specific isotope [16, 28, 29] analysis techniques. Then, we expanded this 
two/multi-dimensional approach [15-19] to describe the trophic levels and energy pathways of the benthic 
organism community in Baiyangdian. Then, we collected the information about the aquatic organisms in 
Baiyangdian Lake, according to different functional groups, to establish a qualitative food web model of 
the whole lake. From this model we can manifest the importance of the benthic food web in the trophic 
and energy flow. Finally, we have established a benthic food web model in Baiyangdian Lake. 
2. Comparison of four analysis methods 
2.1 Gut content analysis method 
Gut content analysis (Stomach contents analysis) is the method to analyse the contents of the 
stomach at the time of caputre, so as to determine the food web’s basic structure and feeding relationships 
[30-33]. Because the process is intuitive, and it can provide an instantaneous record, it appeared to be the 
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most reliable method [34, 35]. For this reason, this analysis method is considered standard practice for 
diagnosing fish trophic relationships [30, 31]. Currently, gut content analysis has been widely used in 
investigations of fishery resources [36], invertebrate trophic levels [32], copepoda trophic levels [33], 
food analysis of cephalopod species in oceanic ecosystems [37], estuarine ecosystems and so on. The gut 
contents can be affected by many factors, such as season, size, sex, and so on. 
2.2 Stable isotope analysis method 
Stable isotope analysis (SIA) is a commonly applied technique, and it relies on intrinsic tissue 
signatures to provide information on diet [38]. The isotopes that are most commonly used in aquatic 
ecology are carbon ( 13C and 12C) and nitrogen (15N and 14N) [39,40]. The analysis involves studying the 
isotope ratio, 13C/12C (or δ13C), and 15N/14N (or δ15N). For a living being, the carbon isotope ratio 
provides an estimate of the origin (fluvial, marine, etc.) of the assimilated organic matter [41] and the 
nitrogen to carbon ratio gives an indication of the food’s trophic level [42,43]. The principle of this 
method is based on the stable isotope fractionation by organism metabolism, namely, the further along the 
food chain to transmission, organisms are more enriched in the heavier stable isotope (e.g., enrich 12C/13C 
heavier stable isotope 13C, enrich 14N/15N heavier stable isotope 15N) [44,45]. 
During metabolic assimilation, the δ13C signatures of a dietary source undergo a relatively small 
and predictable change [11,43]. Based on a series of observations, it is know thatδ13C signatures are 
reflections of an animal’s diet (<1‰ difference between the animal and its diet) [41,42]. When the 
potential food sources of animals have a variety of δ13C signatures (e.g., C3 vs. C4 plants, marine vs. 
terrestrial primary producers), this method provides the degree of dependence of a given animal on a 
given food sources using the following equation: 
δ13CAnimal=pδ13CDietA +(1-p) δ13CDietB                                                                                                (1) 
where p is the proportion of diet item A included in the diet, andδ13CAnimal, δ13CDietA and δ13CDietB 
are the isotopic compositions of the animal, diet item A, and diet item B, respectively. 
   The δ13C signatures in plant materials depend on the primary carbon sources and photosynthetic 
metabolism: phytoplankton generally have a lower, air-derived δ13C signature than do terrestrial plants 
[46]. The largest difference in primary producerδ13C signatures is the different photosynthetic pathways 
of C3 and C4 plants; the δ13C signatures of C3 plants range from -20‰ ~ 35‰, and those of C4 plants 
range from -9‰ ~ 14‰ [47,48]. Plants become depleted in 13C relative to their natural inorganic carbon 
sources, owing to the preferential uptake and incorporation of the lighter isotope. 
Aquatic food webs are now recognized to be more diverse in their carbon sources (e.g., dissolved 
inorganic carbon, dissolved organic carbon, particulate organic carbon), especially in estuarine benthic 
food webs (e.g., inputs can come from upstream lands, riverine organic matter, marsh detritus, 
phytoplankton, seagrasses, benthic microalgae, and benthic decomposition processes). Stable carbon 
isotopes have been used to resolve patterns of energy flow in global many aquatic ecosystems.  For 
example, the natural food webs in lakes [49], bays [50-52], and estuaries [53, 54], coral ecosystem all 
have shown obvious 13C enrichment. The variation ofδ13C signatures of primary producers in different 
aquatic ecosystem are shown in Table 1. This variability has been shown to be caused by many context-
dependent factors, such as, water velocity [55], the associated boundary layer effects [49], changes in 
light intensity, changes in thermal regime [56, 57], variety of substratum [10]. 
Table 1.  The variation ofδ13C signatures of primary producers in different aquatic ecosystems. 
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Plant type δ13C range Average References 
C3 plants -20‰ ~ 35‰ -27‰ [48] Ehleringer & Rundel, 1989 
C4 plants -9‰ ~ 14‰ -14‰ [48] Ehleringer & Rundel, 1989 
Planktonic microalgae (Lake) -7.6±5.1‰  [49] Doi et al., 2010 
Benthic microalgae (Lake) -4.9±2.1‰  [49] Doi et al., 2010 
Planktonic microalgae 
(Estuary) 
-24.7 ~ 17.7‰  [53,54] Doi et al., 2005; Riera & Hubas, 2003 
Benthic microalgae (Estuary) -18.0 ~ 17.0‰  [53,54] Doi et al., 2005; Riera & Hubas, 2003 
Planktonic microalgae (Bay) -22.7 ~ 17.1‰  [51,52] Moncreiff & Sullivan, 2001; Takai et 
al.,2002 
Benthic microalgae (Bay) -20.5 ~ 13.6‰  [51,52] Moncreiff & Sullivan, 2001; Takai et 
al.,2002 
 
In contrast, the stable nitrogen isotope ratio has been used to examine trophic level. This is because 
δ15N has been shown to increase progressively and predictively with trophic position [58]. A study 
confirmed 15N enrichment in animal tissues relative to their diets and showed that the difference was 
3.4±1.1‰，allowing identification of an organism’s trophic level within a food web [58,59]. The trophic 
level can be estimated as follows: 
TL=(δ15NAnimal-δ15NBase)/TE+TLBase                                                                                                                (2) 
Where TE is trophic enrichment, the fractionation factor occurring during the dissimilation process; 
TLBase is the trophic level of the consumer used to estimate the baseline δ15N; and δ15NAnimal andδ
15NBase are the N isotopic compositions of the animal and the consumer used for the baseline, respectively 
[58]. The variation ofδ15N signatures of primary producers in different aquatic ecosystem is shown in 
Table 2. 
Table 2. The variation ofδ15N signatures of primary producers in different aquatic ecosystem. 
Plant type δ15N range Average References 
Terrestrial plants -37 ~ 10‰ -24‰ [49] Doi et al., 2010 
Oceanic plants -28 ~ 4‰ -16‰ [49] Doi et al., 2010 
Planktonic microalgae (Lake) -5.6 ~ 11.6‰  [53] Doi et al., 2005 
Benthic microalgae (Lake) -3.7 ~ 14.0‰  [53] Doi et al., 2005 
Planktonic microalgae (Estuary) 4.5 ~ 4.8‰  [53,54] Doi et al., 2005; Riera & Hubas, 2003 
Benthic microalgae (Estuary) 7.5 ~ 9.6‰  [53,54] Doi et al., 2005; Riera & Hubas, 2003 
Planktonic microalgae (Bay) 4.0 ~ 11.7‰  [51,52] Moncreiff & Sullivan, 2001; Takai et 
al.,2002 
Benthic microalgae (Bay) 2.6 ~ 11.0‰  [51,52] Moncreiff & Sullivan, 2001; Takai et 
al.,2002 
2.3 Biomarker - Fatty acids analysis method 
For benthic food web studies, biomarkers (e.g. subunits of rRNA, membrane lipids like 
phospholipid-derived fatty acids (PLFA), ether lipids, hopanoic acids and so on) can provide information 
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on microbial identity and biomass, based on several characteristics [60]. Lovern first found that the FA 
may have tracing ability [61]. Aquatic organism’s n-3 and n-6 series polyunsaturated fatty acid (PUFA) 
can only be derived from dietary sources, these essential fatty acids cannot be biosynthesized [62], and 
therefore can be used as a biomarker to inform the source of a diet [63]. In primary producers, the fatty 
acid in algae accounts for 5% ~ 25% of the total organic matter. The PUFA in phytoplankton, for 
example, 20:5n-3 and 22:6n-3 are important components of lipids, and can affect zooplankton 
reproduction. These compounds can be used to study trophic relationships, such as carbon flow [16], 
predator-prey interactions, ecosystem structure [64] and dynamics, and food webs in several ways. A 
summary of fatty acids and fatty acid ratios that have been used as biomarkers is shown in Table 3. 
Table 3. Fatty acids and fatty acid ratios that are used as biomarkers for different food sources. Biomarkers (expressed as ratios) 
indicate the relative importance of one food source over another 
Marker  Sources Reference 
DHA/EPA Dinoflagellates/diatoms,carnivory [65] Budge & Parrish, 1998 
16PUFA/18PUFAa Diatoms/flagellates [15,65] Budge & Parrish, 1998; Alfaro et al., 2006 
18:2n-6 Terrestrial detritus or green algae [26] Dalsgaard et al., 2003 
15:0+17:0b Bacteria [66] Kaneda, 1991 
PUFA/SFAc Carnivory [67] Stevens et al., 2004 
18:1n-9/18:1n-7 Brown algae/Carnivory or omnivory [67,68] Johns et al., 1979; Stevens et al., 2004 
20:5n-3/20:4n-6>10 Red algae [69] Khotimchenko & Vaskovaky, 1990. 
D/Fd Diatoms/flagellates [26] Dalsgaard et al., 2003 
18:2n-6+18:3n-3 Segrass [70] Kharlamenko et al., 2001 
20:1+22:1 Zooplankton [71] Falk-Petersen et al., 2002 
≥24 Carbon Terrestrial plants [72] Wannigama et al., 1981 
a 16PUFA includes all PUFA containing 16 carbon atoms, and 18 PUFA containing 18 carbon atoms 
b Includes iso and ante-iso branched chains containing 15-17carbons 
c PUFA is the sum of all polyunsaturated fatty acids, whereas SFA is the sum of all saturated fatty acids 
d D refers to the sum of all diatom markers (16:1n-7+20:5n-3 and 16 PUFA), whereas F refers to the sum of all flagellate 
markers (22:6n-3, 18:2n-6, 18PUFA) 
2.4 Compound- Specific Isotope analysis method (CSIA) 
Fatty acids, carbohydrates, proteins, amino acids have different biosynthetic functions and cycling 
rates during organism metabolism, and therefore exhibited different stable isotope characteristics. The 
CSIA (also called GC-IRMS) technique has been used to measure the natural variation in isotope ratios of 
single compounds due to isotope fractionation during primary production, respiration and assimilation 
[73]. This method has been used in the food web of a marine ecosystem [16], an estuarine ecosystem, a 
lake ecosystem [74], and bay and wetland ecosystems; the study object included POM, plankton, benthic 
organism, and large-scale animal and so on; objective compounds include unsaturated fatty acids, amino 
acids, monosaccharide and so on. The principle is that compound specific carbon stable isotopes can 
indicate the process and pathway of metabolism within the food web, and thereby eliminate some 
uncertainties of the biomarker. In order to eliminate the influence of organism similarity, CSIA analysis 
methods have become powerful supplements in describing complicated trophic relationships. 
Table4. δ13C signatures of 16:4n-1 and 20:5n-3 (mean±SD) 
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FAδ13C signatures (‰) 
Species 
16:4n-1 20:5n-3 Reference 
Ice algae -24.0±2.4 18.3±2.0 [16] Budge et al., 2008 
Phytoplankton -30.7±0.8 -26.9±0.7 [16] Budge et al., 2008 
Harpacticoid copepods -26.3±5.1 -26.0±1.1 [16] Budge et al., 2008 
Cyclopoid copepods -28.4±0.1 -25.2±1.4 [16] Budge et al., 2008 
2.5 The comparison of four kinds of methods  
We conclude the gut content, stable isotopes, fatty acids, and compound-specific isotope analysis 
methods in aquatic ecosystem research have utility, but all of them have advantages and disadvantages. A 
comparison of the traditional analysis methods has been shown in Table5. 
Table5. Comparison of traditional analysis methods. 
Analysis method  Advantages Disadvantages Research area References 
 
 
Gut content   
 
Intuitive, low cost, 
the most reliable  
Not representative of long-
term feeding behavior; 
exists contingency; 
Organisms have different 
digestion absorption ability. 
In fishery resources, 
North Yellow Sea, China 
Aquatic 
macroinvertebrates, 
Portugal 
[75] Correia, 2002; 
[36] Xue et al., 2010 
 
 
 
 
Stable isotopes  
Reflects long-term life 
activities; 
The sample is part or all 
of organisms; 
Determines nutrient 
sources on low trophic 
level/smaller individual 
organisms 
Signatures overlapped; 
Signatures variable in space 
and time; 
The isotopic turnover rates 
differ; 
The stable isotope has 
different fractionation in 
organisms. 
Lake Biwa, Japan  
Wetlands, Yellow River 
Delta, China 
Kara Sea, Germany, 
Basin-scale, North 
Atlantic Ocean, USA 
Jurien Bay Marine Park, 
Australia,  
[76] Shibata et al., 
2011 
[77] Landrum et al., 
2011 
[11] Hanson et al., 
2010 
[78] Nagel et al., 
2009 
[79] Cui et al., 2011 
 
 
Biomarker-FA 
PUFA only can derive 
from the diet;  
Primary part of cellular 
material with high 
biological specificity. 
The modification and 
metabolism for individual 
organisms have many 
differences and uncertainties; 
The range of diet sources too 
wide; 
Cannot explain individual 
organism’s characteristics. 
Marine ecosystem, 
Yellow Sea, China  
Estuarine, New Zealand 
The Strait of Georgia, 
Canada  
Coombabah Lake, 
Australia, 
[27] EI-Sabaawi et 
al., 2010;  
[19] Wan et al., 2010 
[15] Alfaro et al., 
2006; 
[17] Dun et al., 
2008;  
 
Supplementary 
technique-CSIA 
Indicates the process 
and pathway of 
metabolism in food 
web; 
Eliminates some 
biomarker uncertainties. 
Must establish an accurate and 
credible analytical method;   
Requires obtaining purified 
samples. 
Barrow, Alaska, USA, 
Waarde, Netherlands 
 
[16] Budge et al., 
2008 
[60] Boschker & 
Middelburg, 2002 
[74] Duan et al., 
2011 
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3. Identifying suitable approaches in benthic food webs 
3.1 The reason for using two/multi-dimensional methods  
A major characteristic of the lake food web is that the benthic and pelagic habitats are coupled 
[49].Within the benthic food web primary producers, including seagrass, diatom, green algae, blue algae 
and periphyton, δ 13C shows a clear separation between seagrass and macroalgae, but could not 
differentiate amongst the algal types; in contrast, FA distinguished not only between seagrass and 
macroalgae, but also between diatom and red algae [80]. Considering every analysis method has its own 
disadvantages, we recommend applying two/multi-dimensional methods to study the trophic pathways 
and energy flow in food web. Several recent studies have shown that a combination of two kinds of 
traditional analysis methods is likely to be the most useful tool to study food webs, such as the 
combination of stable isotope and feeding behaviour analyses [81], or stable isotope and fatty acids 
analyses [15-19] (Table 6).  
Table 6. The advances of combination stable isotopes and fatty acid in research. 
Research achievement  Research content  Research area References  
Distinguished different algal 
groups 
Benthic primary producer Jurien Bay Marine Park, 
Australia  
[11] Hanson et al., 
2010 
The shift in diet causes the change 
of fish community structure 
Japanese anchovy food web 
 
Yellow Sea, China 
 
[19] Wan et al.,2010 
The sedimentary organic matter 
pools are distinct between in the 
Northern (autochthonous and 
labile) and  Southern 
(allochthonous) 
The distribution and sources of 
organic matter in surface sediment  
Coombabah Lake, Australia [17] Dunn et al., 
2008 
The copepod can utilize different 
dietary items as chlorophyⅡ
changing  
Deciphering the seasonal cycle of 
Copepod trophic dynamics 
The Strait of Georgia, 
Canada 
[27] EI-Sabaawi et 
al., 2010 
The first use of two-dimensional 
methods in the estuarine food web, 
none of the animals depended on 
single food sources  
Trophic interactions within an 
estuarine food web 
Matapouri Estuary, New 
Zealand 
[15] Alfaro et al., 
2006 
 
3.2 The advances of analysis methods in benthic food webs  
The two/multi-dimensional combination methods have been successfully employed in both pelagic 
and benthic contexts (Table 6 & 7) [11]. From the perspective of the benthic food web, most of research 
relies on stable isotope analysis. Based on the above comparison, we expanded this two-dimensional 
approach to the highly unique benthic food web in Baiyangdian Lake.  
Table 7. The methods used to study benthic food webs. 
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Method  Food webs types Research area Reference 
Stable isotope and 
FA 
Benthic primary producers Jurien Bay Marine Park, Nearshore, Australia [11] Hanson, 2010 
Stable isotopes Benthic food-web structure Chukchi Sea, between the Alaskan and the 
Russian Coasts, 
[80] Iken et al., 
2010 
Stable isotopes  Benthic biofilm  Ovens River, Australia [10] Hladyz et al., 
2011 
Gut content  Zoobenthos and benthic food 
web 
Biandan Lake, Dong Lake, Dongting Lake, 
China  
[82] Liu, 2006 
Stable isotope  Pelagic and benthic algae Katanuma Lake, Japan [49] Doi et al., 2010 
4. Application 
4.1 Study area 
The study was carried out in Baiyangdian Lake, China. Baiyangdian (38º44´~38º59´N, 115º45´
~116º06´E) is the largest plain lake in North China Plain, and as a result can regulate basin microclimate, 
adding humidity and providing habitat for aquatic organisms.  The lake plays an important role in 
biodiversity conservation, and is located in the eastern part of Baoding, Hebei province in China. The area 
of the lake is 366m2(Fig. 1), with average depth 2m-4m. The area of the lake changes according to the 
hydrological conditions. The annual precipitation is 350mm-750mm, and annual evaporation is 1750mm. 
Baiyangdian is a grass type lake, the total annual output of water grass is 5.0×109kg [83]. In recent years, 
due to industry, agriculture, fishery, and other human activities, the water quality of this lake has been 
degraded. At the same time, fisheries yields and benthic and planktonic diversity have been decreased. 
Until now, there has not been integrated research on the benthic food web in Baiyangdian; previous 
work only focused on single types, such as zoobenthos, benthic algae and so on  [84]. In the meantime, 
research about microorganisms in sediment has also not received enough attention; the microorganisms 
play an important part in detrital pathway, for example, microorganisms are able to transfer organic 
matter into an inorganic state via mineralization. Because of the contributions of benthic organisms in 
trophic level and energy transfer, we decided to study the benthic food web in Baiyangdian Lake.  
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Fig. 1 Locations of sampling sites  throughout Baiyangdian Lake. 
(S1 Fu He inlet; S2 Nan Liuzhuang; S3 Wang Jiazhai; S4 Shao Chedian; S5 Zao Linzhuang; S6 Quan Tou; S7 Cai Putai; S8 Duan 
Cun; S9 Zhai Nan) 
4.2 The contribution of producers, consumers, and decomposers in the lake food web 
In this study, we want to establish an integrated theoretical food web of Baiyangdian Lake. The data 
we used in this model mainly came from other studies. Our aim is to demonstrate the importance of the 
benthic food web in energy flow and nutrient cycling. We divided the food web into 12 functional groups 
(Fig.2).  From the model, we can conclude that the first trophic level mainly includes primary producers 
(benthic producers and phytoplankton) and detritus, which is the main source of ecosystem energy. From 
the view of food sources, the first trophic level accounts for 93.03% of total food sources, the contribution 
of primary producers was 59.94%, the detritus (decomposed by microorganisms) was 40.06%; and from 
the view of trophic flow, low trophic level accounts for the largest proportion, such as the first trophic 
level and the second trophic level which account for 74.51% and 23.72%, respectively [85, 86]. 
Considering the remaining unknowns, in this study we have not established quantitative model, 
however we have used diet source proportions to distinguish different energy flow pathways. Shown in 
Fig.2, we can understand the importance of the benthic food web. 
 
S9 
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Fig.2 The theoretical model of the integrated food web in Baiyangdian Lake. 
4.3 The component of qualitative benthic food web model  
The information of benthic organism species has been obtained by previous researchers [83,84]. 
According to the theory of ecosystem, we divided ecosystem into three groups: producers, consumers, 
decomposers. In addition to these components, in benthic food webs the role of detritus in nutrient 
cycling and energy flux is very important. Most primary consumers of zoobenthos mainly ingest detritus 
while species of higher trophic levels prey on invertebrates. Oligochaetes feed primarily on detritus, 
which contributed more than 80% of the total gut content [82]. 
Consumer- Zoobenthos 
Zoobenthos is an important part of benthic organism, and is the highest trophic level in the  benthic 
food web. Through dominant species analysis, the zoobenthos dominant species are Cipangopaludina 
chinensis Gray, Cipangopaludina cahayensis, Chironomusgr plumosus Linnaeus, which account for 78% 
of total amount. The average biomass of zoobenthos is 141.55g/m2, and the average density is 577.07/m2 
[84]. 
Table 7. The temporal variation of the main zoobenthos species in Baiyangdian Lake. 
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Species (Kind) Spring (2-4) Summer (5-7) Autumn (8-10)     Winter(11-1) 
Mollusca  13 11 10 11 
Annelid  1 1 2 1 
Aquatic insects  3 3 2 1 
Total number of species 17 15 14 13 
The source of this information Xie et al [84]. 
Producer- Benthic algae and water plants  
Benthic algae are primary producers and chemical regulators of water in shallow lakes, at the same 
time, benthic algae play an important role in degrading the eutrophication level of water, maintaining the 
structure of the ecosystem, and promoting the recovery of water plants. Although we have not yet 
obtained information on benthic algae, the phytoplankton can reflect some information about benthic 
algae. During our benthic artificial and natural biofilm research, the dominant species of algae is 
Chlorophyta, Bacillariophyta, and Cyanophyta, the conclusion was consistent with other researchers [87-
89]]. In this study, we divide benthic algae into Chlorophyta, Bacillariophyta, Cyanophyta, Euglenophyta, 
Cryptophyta, Pyrrophyta, Chrysophyta, Xanthophyta. The biomass of pelagic plants on S2 is 96.798mg/L, 
S8 is 5.912mg/L, S9 is 113.318mg/L, and the average biomass is 71.949 mg/L. The production of S2 is 
1.055g/(m3*d), S8 is 0.294 g/(m3*d), S9 is 1.001 g/(m3*d), while the average production is 0.783 g/(m3*d) 
[89]. 
Table 9. The spatial variation of the main phytoplankton species in Baiyangdian Lake. 
Species (%) S2 b S8 b S9 b 
Chlorophyta (53.85%a) 27 27 30 
Bacillariophyta(21.15%a) 13 23 15 
Cyanophyta (11.54%a) 3 4 12 
Euglenophyta (3.85%a) 7 2 3 
Cryptophyta (0.96%a) 1 2 3 
Pyrrophyta (3.85%a) - - 2 
Chrysophyta(2.88%a) - 1 - 
Xanthophyta(1.92%a) - 1 2 
Total number of species  51 59 67 
The sources of this information correspond to Xiao et al., 2010 and b Zhang et al., 1999 [88,89]. 
Decomposers- Benthic microorganisms 
In aquatic ecosystems, the benthic microorganism community is not only an important part in the 
aquatic ecosystem, but also play key roles in the degradation of substances, in the energy flow and 
transformation and so on. We did not collect information on the benthic microorganisms in Baiyangdian 
Lake, we decided to reanalyse the results of other studies. We divided microorganisms into Bacteria, 
Fungi, Actinomycetes, Sulphate reducers, Higher fungi, Cyanobacteria, Crenarchaea, Methanogens. The 
total bacteria biomass of sediment is 9.43*108 cell/g ~ 123.65*108cell/g, aerobic bacteria is 
0.98*108cell/g ~ 47.44*108cell/g, G+ bacteria is 7.36*108cell/g ~78.3*108cell/g, G- bacteria is 
1.17*108cell/g ~ 59.98*108cell/g [90].  
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4.4 Establishing a theoretical benthic food web model 
From the above study, we can establish a qualitative model of the benthic food web in Baiyangdian 
(Fig. 2), although some pathways may have remaining uncertainty, overall this model demonstrates the 
importance of benthic food web in trophic transfer and energy flux. 
 
 
Fig.3 The theoretical model of the benthic food web in Baiyangdian Lake. 
5. Discussion 
From the model of the benthic food web in Baiyangdian Lake, we can divide the web into three 
trophic levels. The producers, which include Chlorophyta, Bacillariophyta, Cyanophyta, Euglenophyta, 
Cryptophyta, Pyrrophyta, Chrysophyta, and Xanthophyta.  The dominant producer species is Chlorophyta, 
which accounts for 53.85% of all kinds of algae [88], indicating that Chlorophyta is the main food source. 
But the species demonstrate certain differences in abundance between benthic algae and pelagic algae, the 
main food source may be another type of alga. 
The consumers include Zoobenthos, which can be subdivided into Cipangopaludina chinensis Gray, 
Cipangopaludina cahayensis and Chironomusgr plumosus Linnaeus. The decomposer is mainly bacteria. 
Although previous work has focused on the structure of the community of zoobenthos and pelagic 
algae within Baiyangdian, an integrated study of benthic organisms is still missing. During our research, 
we found that information on benthic microorganisms is lacking. Given that benthic organisms play an 
important part in the detrital trophic pathway and energy flow, it is very necessary to study benthic food 
web. 
If we want to quantitatively understand trophic pathways and energy flow, two/multi-dimensional 
methods can be applied, and we have analysed the advantages and disadvantages of each analysis method. 
In future studies, we want to avoid these minimize these limitations, so we may apply this two-
dimensional analysis method. 
6. Conclusions  
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In this article, we demonstrated that measurements of two/multi-dimensional analysis methods 
constitute an additional and effective means of both understanding the trophic structure in lake 
ecosystems and tracing the energy flow in the benthic food web. At the meantime, we have established a 
qualitative benthic food web model in Baiyangdian Lake, and from this model we can understand the 
importance of researching the benthic food web. In the future, we want to apply this two/multi-
dimensional analysis method to quantitatively study the trophic transfer and energy flux of the benthic 
food web in Baiyangdian Lake. 
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